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ABSTRACT 
 
Various animal milks and their dairy products like AIRAG (fermented horse milk) and yogurt are very 
popular among Mongolian people. The climate of Mongolia is very severe, and they preserve their health by the 
intake of above animal milks and dairy products. In this study, we explored the diversity of bacteria in 
Mongolian animal milks (Cow, Horse, Goat, and Camel), AIRAG, and Camel milk yogurt by the clone library 
method of their 16S rRNA genes.  
Firstly, we prepared the whole genomic DNA from four animal milks and two dairy products, and amplified 
each 16S rRNA genes by PCR. PCR products (about 1.4kbp) were cloned into pGEM-T vector, and analyzed 
DNA sequences of totally 79 clones from AIRAG, Camel milk yogurt, and four animal milks. It was revealed 
that homologous clones to Lactobacillus helveticus are dominant in the clone libraries of both dairy products, 
whereas the other clones to Lactococcus from AIRAG, and Acetobacter from camel milk yogurt. Furthermore, 
We found that homologous clones to Lactococcus are dominant in Mongolian cow and horse milks, whereas 
Leuconostoc in camel milk. Therefore, it might be useful information for screening the bioactive strains from 
milk products in Mongolia. 
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 ???????? 4 ?????(??????
??????)??? 2?????(AIRAG???
???????)??2011~2012????????
??????????????????????
??????????????????????
?????20????????????????
Table I???? 
 
????????????????? DNA
???  
???4?????(????????????)
??? 2 ?????(AIRAG?????????
?)?????Wizard Genomic DNA purification kit 
(Promega)????????? DNA ??????
??? 2ml ? 4,000rpm?5 ???4??????
??????????????????????
???? 12,000rpm?2 ???20???????
?????????????????? 40mM 
EDTA(pH8.0)???? 2mg/ml ????????
???37?,1 ????????????????
?????????600ul? nuclei lysis solution?
????pipeting ?????80?,5 ??????
?????????????????3ul? RNase
??????37?, 30 ????????????
200ul? protein precipitation solution??????
??? 20 ??????? 5 ?????????
??????????????????600ul ?
???????????????? DNA???
??????????????????????
???? DNA ?????70%????????
???????100ul? DNA rehydration solution
??????????65?,1????????4?
???? DNA??????? 
 
???????????? 16S rRNA ???
? PCR???????????  
 
?????????? DNA ???????
Beffa ???(14)????,   E.coli 16SrRNA ??
?? 1 1 - 2 6 ?????? U p p e r  p r i m e r : 
5’-ATTCTAGAGTTTGATCAT GGCTCA -3?
(24mer,  Tm=53?)??? E.coli 16SrRNA???
? 1393-1411 ?????? Lower primer: 5’- 
ATGGTACCGTGTGACGGGCGGTGTGTA-3’  
 (27mer,  Tm=67? ) ???? , Takara ExTaq 
Table I Features of Mongolian animal milks and dairy products in this study 
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DNA polymerase??? ASTEC PC707????
???????? PCR ?????PCR ????
??, 98?, 10?????, 98?, 10??60?, 60
??72?, 90 ??????? 30 ???????
?, ??? 72?, 90?????????????
? PCR ?????????pGEM-T ????
(Promega)????,  ?????????? ABI 
310 Genetic analyzer? DNA?????????
??????????? 1400bp ???????
?? NCBI BLAST (http://blast.ncbi.nlm.nih.gov/ 
Blast.cgi) ? blastn?????(15)?DNA????
??????????, 4?????(??????
??????)??? 2?????(AIRAG???
???????)??????????????
????, ???????????? DDBJ (DNA 
Data Bank of Japan) ? Clustal W ver.2.1????
?(http://clustalw.ddbj.nig.ac.jp/)??? (16), ???
??????? TreeView ???????? NJ 
(Neibhbor joining method)?(17)????????
Outgroup?? Bacillus subtilis ? 16S rRNA???
????????, Bootstrap ????? 1000 ?
???, ??????????????? 
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???4?????(????????????)
??? 2 ?????(AIRAG?????????
?)?????????????????? DNA
??????????????????????
???????16SrRNA???? PCR????
?????????????? 6???????
?????? 1.4kbp???????????(Fig. 
1)??????????????????? PCR
????????pGEM-T ????? ligation ?
??????????? E. coli JM109?????
??????????????????????
?????????????? DNA?????? 
????16S RNA???(? 1.4kbp)??????
????????????????? 11 ???
?????? 17????????? 13?????
????? 16?????AIRAG? 12?????
?????????? 10??????? 79??
??? 16S RNA??????????????
(Table I)? 
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?? blastn????????  
 
?????????????????????
?????? 16S RNA ??????????
NCBI BLAST? blastn?????? DNA???
??????????????????????
??? 11???????? Lactococcus????
???Lactococcus lactis subsp. lactis? 6?????
Lactococcus raffinolactis? 4?????Lactococcus 
???? 1????????(Table II)?????
??????Co1-12 ????????????
Lactococcus???? 16S RNA????????
? 99%???????????????
Lactococcus lactis subsp. lactis ? 9 ?????
Leuconostoc mesenteroides ? 5 ? ? ? ? ?
Streptococcus parauberis ? 2 ? ? ? ? ?
Staphylococcus ???? 1 ????????
(Table III)????????????Leuconostoc
???? 5 ?????Lactococcus ???? 7 ?
??????? 1 ????????(Table IV)?
Leuconostoc??????Leuconostoc mesenteroides
? 3 ?????Leuconostoc pseudomesenteroides
? 1?????Leuconostoc lactis? 1?????
???????????????????
Lactococcus ?????????? Lactococcus 
raffinolactis (6 ????)??????1 ????
(G1-20)?? Lactococcus lactis subsp. cremoris??
??????????????????
Leuconostoc mesenteroides subsp. mesenteroides? 
Fig.1 Agarose electrophoresis of 16S rRNA 
genes amplified by PCR, from Animal milks 
and dairy products  
We prepared the genomic DNAs from animal milks 
and dairy products, and then amplified 16SrRNA 
genes by PCR using PCR primers as described in the 
text.  
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Table II Identification of bacteria from Mongolian cow milk by clone library 
method of 16S rRNA gene  
Table IV Identification of bacteria from Mongolian goat milk by clone library 
method of 16S rRNA gene  
Table III   Identification of bacteria from Mongolian mare milk by clone library 
method of 16S rRNA gene  
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Table VII Identification of bacteria from Mongolian camel milk yogurt 
by clone library method of 16S rRNA gene  
Table V Identification of bacteria from Mongolian camel milk by clone 
library method of 16S rRNA gene  
Table VI   Identification of bacteria from Mongolian AIRAG by clone 
library method of 16S rRNA gene  
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10 ?????Serratia ???? 3 ?????
Trichococcus ? ? ? ? 2 ? ? ? ? ?
Janthinobacterium???? 1?????????
????????(Leuconostoc???)??? 3?
?????????(Table V)??? 4?????
??????????????????????
?????????????????????
?????? 
????????AIRAG????? 12???
?????10????? Lactobacillus helveticus?
?? 2????? Lactococcus lactis subsp. lactis
???? (Table VI)??????????
Lactococcus lactis subsp. lactis ????????
??(Table III)???? Lactobacillus helveticus?
??????AIRAG ????????????
??????????????????????
??????8????? Lactobacillus helveticus
????Acetobacter pasteurianus? 1?????
Vogesella ???? 1 ???????? (Table 
VII)????????????????????
?????? Leuconostoc ??????????
??(Table V)?????????????????
?? AIRAG????????????????
Lactobacillus helveticus????????????
?????? Acetobacter ??????????
?????????? pH ? 3.9 ???????
?????????????????????
??????????????????????
???????????? 
 
????????????? 16S rRNA ??
??????????  
 
??? , ?????????????
16SrRNA ?????????????, ? Type 
strain ???????????????????
??????????????????????
???????????, ??????????
???????? Lactococcus ????????
???Lactococcus raffinolactis????(Group Ia)
? Lactococcus lactis????(Group Ib)????
????????????(Fig.2)?Group Ia??
Co1-2 ?? 4 ?????????Group Ib ??
Co1-11 ?? 6 ???????????Group Ib
??Blast??????? Lactococcus lactis subsp. 
lactis????????????????? Group 
Ib?????? Lactococcus lactis subsp. cremoris
? Lactococcus lactis subsp. hordniae??????
?????????? 
????????????????(Fig.3)?
??Lactococcus???????(Group I, 7???
?)? Leuconostoc???????(Group II, 6??
?? )?????????Group I ?????
Lactococcus raffinolactis ???? (Group Ia)?
Fig.3 Phytogenetic tree based on 16S rRNA 
sequence analysis from Mongolian goat milk. 
The descriptions are same as Fig.3. Abbreviations:  
Lc.: Lactococcus; Le.: Leuconostoc; 
Fig.2 Phytogenetic tree based on 16S rRNA 
sequence analysis from Mongolian cow milk. 
The tree was constructed by the neighbor-joining 
method, and Bacillus subtilis was used as the 
outgroup. Bootstrap values besed on 1000 
replications are given at the nodes, and scale bar 
represents 10% sequence divergence. 
Abbreviations:  Lc.: Lactococcus.  
??????????????????????????????????? 
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Lactococcus lactis ????(Group Ib)?????
??????????????????????
????????? Group II ??? Leuconostoc
????????????? Leuconostoc 
mesenteroides ????????Group II ???
G2-21????????Leuconostoc mesenteroides 
??? Leuconostoc lactis ??????????
??? 
????????? AIRAG ?????(Fig.4)
???Group I (Lactobacillus ???)?Group II 
(Leuconostoc???)?Group III (Streptococcus?
??)?Group IV(Lactococcus???)? 4????
?????????????????? Group I
? AIRAG ??? 10 ??????????
Lactobacillus helveticus ??????????
Group II ??? Group III??????????
?????????(Group II?5?????Group 
III? 2 ???? )? Group II ? Leuconostoc 
mesenteroides ? ? ? ? Leuconostoc 
pseudomesenteroides??Group III? Streptococcus 
parauberis????????????? Blast??
???(Table III)???????????????
?????? Group IV ?????????
AIRAG ??????????????????
??????9?????AIRAG?2??????
??????? Lactococcus ?????????
????????? Lactococcus lactis?????
???H12-9?? 8?????????????
???(Fig.4, ?????? IV*)???????
??????????????????????
? IV*??????????????? AIRAG
???????????? Lactococcus ????
?????????? 
????????????????????
??(Fig.5)?Lactobacillus ???? Group I ??
Leuconostoc ???? Group II ????????
??Group I ????????????Group II
??????????????????????
????????????? Group I ?
Lactobacillus ???????? AIRAG ????
??????????????????????
?????Lactobacillus???????????
???? Group II? Leuconostoc???????
???Leuconostoc mesenteroides???????
?????Ca1-21?? 6???????????
??????(Fig.5, ?????? II*)????
Fig.4 Phytogenetic tree based on 16S rRNA 
sequence analysis from Mongolian mare 
milk and AIRAG. 
The descriptions are same as Fig.3. 
Abbreviations:  Lc.: Lactococcus ; Le.: 
Leuconostoc; Lb. : Lactobacillus ; S. : 
Streptococcus  
Clone name :  H; Mare milk, A; AIRAG  
Fig.5 Phytogenetic tree based on 16S rRNA 
sequence analysis from Mongolian camel milk 
and its yogurt. 
The descriptions are same as Fig.3. Abbreviations: 
Le.: Leuconostoc; Lb. : Lactobacillus; S. : 
Serratia ; J. : Janthinobacterium ; V. : Vogesella ; 
A. : Acetobacter  
Clone name:  Ca Camel milk, C, Camel milk 
yogurt  
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????????????????????
?????????????????4????
??????(????????????)? 2?
????(???(AIRAG)??????????)
???????????????? (13)???
16SrRNA ?????????????????
??????????????????????
??? Lactococcus ?????????????
? Lactococcus ???? Leuconostoc ?????
?????? Leuconostoc ??????????
??????????????????????
???(Table II?V)????AIRAG??????
?????????Lactobacillus???????
??????????????????????
??????????????????????
????? Acetobacter ???????????
?(Table VI, VII)? 
????????????????????
??????????????????????
?????? Lactococcus ??????????
???????????? Lactococcus lactis subsp. 
lactis ? ? ? ? ? ? ? ? ? ? Lactococcus 
raffinolactis ????????????????
??????(Table II, III, IV)?????? PCR
??????????????????? 16 ?
?????????(? 800bp)????????
??????????? 16 ????? 8 ???
?? Lactococcus lactis?? 7 ??? ??
Lactococcus raffinolactis ? ? ? ? ? ? ?
Lactococcus lactis??????? 16????? 7
????????????????? 16 ???
?? 1???????????????????
??????? Lactococcus raffinolactis????
? 16 ????? 9 ?????????????
?????????????????? 
?????????????????????
Leuconostoc ????????????????
????????????? 16 ????? 6 ?
???????? 16 ????? 5 ??????
????? 16 ????? 10 ?????????
??????????????????????
??????????????????????
??????????????????????
?????????????????????
??????????????????????
???????????????????????
?????????(18)???????????
??????????????????? 
????????????????? AIRAG
???? Lactococcus ??????????
(Table III, VI, Fig.4)?AIRAG ?? Lactobacillus 
helveticus???????(Table VI)??????
?????????????? AIRAG????
??????????? Lactobacillus helveticus
???????????(1),(3),(4),(5)???????
?? AIRAG ????? Lactococcus lactis subsp. 
lactis?(Table III, VI, Fig.4)??????????
???(19)?????????????????
? AIRAG?????????????????
(4),(5)????????????????????
?????????????????????
???????????????? AIRAG??
????? 16 ????? 14 ?????
Lactobacillus helveticus????????????
????? AIRAG??? Lactobacillus helveticus
??????????????????????
???? Lactobacillus helveticus????????
???????????(Table VII)??????
? 16 ????? 14 ????? Lactobacillus 
helveticus ?????????????????
?????????????? Leuconostoc 
mesenteroides????????????????
?????????????????????
??????(Table V, VII, Fig.5)???????
??????????????????????
????????????(11)????????
??(20)? Lactobacillus helveticus ???????
?????????????????????
AIRAG ???????????????????
??????????????????????
?????????????????????
(21)??????????? 
?????????????????????
?????????????????(13)????
??????????????????????
?????????????????????
??????????????????????
?????????????? PCR ?????
??????????????????????
?????????????????? PCR ?
?????????????????????
??????????????????????
??????????????????????
?????????????????????
??????????????????????
??????????????????????
?????????????????????
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